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(54) cnocoB i/i3roTOBnEHH^ roopupo- 

BAHHOrO CTAJIbHOrO n/lACTblP^ 
(57) CytUMOCTb M3o6peTeHtifi: TepMoo6ps6oTKy 
nnacTwpn TOKaHw bwcokoi;^ MftcroTti ocymecr- 
8/i«K)T nocne ro<t>pMpoBaHw»» a cwaaoMMtivi 
cnoiA HBHOCflT nODTOpHO noc/ie oKna>»^eHVi«. 
npeA/iaraeMbiv^ cnoco5 n03eon«eT 3a CMer no- 
BMUf6HMfi nnacTVWMUX CBO<^TB Meran/ia na- 
AexHO o6ecneMMTb rcpMernaauMto 
peMOHTMpyeMoroyMacTKacKBaJicMMW. i Ta6;i. 



MsoBpcreMMe OTHOCwrcn k o6pa6oTice we- 
TBiina AaB^GHV4eM» b uacTHOCW k jexHonorwH 
MsroTOB/ieHUH ro<t>piipOBaMHbix rpyS. 

OcHOBMuMvi on€pauvi«Mvi 6 TexHonorMHe- 
CKOM npouecce MsrOToeneMWH tohkoctchhux 
.rcxt>pMpoBaMH«x Tpy6 jiB/iAetcii xonoAHaw Ae- 
4>opMauMfl. Hanp^iMep BonoMCHwe m npoxaTKa 
Tpyb. xMMMHecicaj; o5pa6oTKa. tepMvmecitaR 
o5pa60TKa A/in ck«tmr ocTaroMMbix Hanpj^xe- 
MMti. B03HMicaK>iuwx B peaynbtate Ae<}>opMa- 

UViW M np04>Vl/!MpOBaHMfl MCTOAOM HBtcaxXM. 

W3B€CtBH cnoco6 M3roToafleHM» Tpy6 c 
npoAonbHi^MiH ro4>paMM nyreM AayxdTanMoro 
<t)opMOBaMwn Tpy6b*-3aroTOBKM. npuMBM na 
nepBOM ar^ine ee ro<}>pvipy»OT paAwanbHUMW 

yCMilMJtWM. a H8 BTOPOM STanC 05MV«MaiOT B 

^po<^w/^MpooaMHOw BO/»oxe. 

OAHaito 603MMKaioiuMe b peay/ibtare 
c/tO>«tHOA A^i^poP'^^^*^^ ociaTOHHwe nanpHMe- 
HHfi He Aaioi AocraToiHoA nonepeMMOft npoM- 

HOCTM, MiJTdnn CTaHOBMTCJ? XpyniCMM M 



HenpHroA©" b xaMecTee .macTwpn npn peMOM- 

CH«TW« OCTBTOMHblX Manp5l^eMMi4 Tpy- 

eunoABCpraiOTTepMWMecKOft o6pa6oTKe - ot- 
yKutrf B ncMax Twna nCO-06 « 
nonyMeHMJ? Ha Tpy6ax oicmcho^i n/ienicM. bw- 
noHHiitotueii 4>yMKUHn noAMasoMHoro noKpw- 
TMf« w o6n8AaK>me(^ AOCTaro^HOM 
nopMCTOCTbK) w aACOp6avionHOCi cnoco6HO- 
cTbio KCMa3<e. 

VISBecreM Taicixe cnOco5, npw kOtopom 
TOMKOCTCHMbie npo4)wnbHbie Tpy6bi npaapT 
pacTHKeHMeM m pa3A3Me« c Harpeaow Ma ancK- 
TpoxepMWMecicoM o6opyA0e8HMH. CHa^a/ia aa- 
rOToeicy Tpy6w HarpeaaiOT TOKawii^ 
conpOTMBnoMMfl AO TeMnepaTypb4 0T>Knra. a 
38TeM txocne oxnaxAeHMSi pasAator npn oomo- 
mw xoKWMecscoi* onpaeicvi. 

HeAOCTaroK cnocoOa aaKii^Maercp ft tom. 
MTo npM H3iio5KeHMvi ortacTwprt n3 HBOToxoicen- 
Hwx ToyO 5-«ox<eT iipoHCxoAMTb p33pue no 
npo<tvM/»bHOft oOpa3iV»omev^. 3 npw «ano>KeMWM 
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n/iacTwp« n3 OTox>KeMHbix ipy5 c nocne/iy»o- 
lUMM ro4>pM:poeaMMeMMO>^eTnpoiiCxoxi»^Ti>o6- 
pd3oeaMwe.MC4icpoTpemwH oo ena/iwHax m h3 
ewcrynax opOAOAbHwx ro<t>P npn /^G<^opMa^i4^^ 
MX AO uiinMWAOviHecKOi?! (J)opMw. KorAa ee nnoT- 
HO np0)KMMa»OT (HaKarfaiaaroi) /lopHwipyKDiuev^ 
ronOBKO^ ic BHyTpeHMCiJ^ noeepxHOCTvi o6caA- 
HOA Ko;»OHHW. B peay/itrafe ne o6ecnemnBa- 
Haati^HOCTb repMerwaaawM wa-aa 
HM3K0M n/iacTvmHOCTvi Mexanna ro^pupoean- 
HOro nnacTbip«. 

UenbK) n306peTeHiifl wB/iAGTCfl noBbime- 
HMe HDAeKHOcTM repMeiwaauMM o6ca>KeHHOi?i 
CKB3)KMHW nyreM nOBbiiueHnw nnacTHMHOCTw 
Meranna n;>acTwpa. 

CyiUHOCTb M3o6peTeH;/ifl aaKnroMaeTcn b 
TOM. HTO TepMOo6pa6oTKy TOKawn BbicoKOi?! sa- 
CTOTbi ocyiueCTB/i«tOT nocne ro<t>pMpooaHMfl, a 
• aaTGM noBTopHO HaHOCflT CMaaoMHui^ cnovi. 

B pcay/ibTaie 3HaKonepeMeMHbix Ae<t)Op- 
wauMft, KOTOpwM noAoepraeicfl MCtanna ipyS 
npw ro<>pi/;poeaHMii kaK b opouecce waroroB- 
DQHW nnacYbipeii. xaic w npw pasAa^e b opo- 
uecce ycxaMOBKvi e cKBaxunax. npowcxoAi^T 
3MaMMTenbHQe ynpoHHenne Meia/ina, npuneM 
Havi6onbibMe awaMGHMfl ynpOMHeHHw npwxoA- 
RTC« KB BnaAMHW ro<j)piipOBaHHbix Tpy6. 

MsMeHeMne raepAOCTM (Hv) cranw MapKH 
10 npM TepMO06pa5oTKe» ro<J>pMpoeaHMM m 
pa3Aa^6 ninacTbipfl noitaaaHo b raS/ivme. 

l/l3 Ta6/lVlUbl BMAHO, MTOTOepAOCTb MCTa/l- 

na n/tacTbipn nocne pa34a*<»^ o o6caAHOi?i xpy- 
68 AOCTuraer HawBoDUiuMx snaMeHMft, ecnw 
n/iacTbipb vtaroTaenvtBancji m3 HeTepMOo6pa- 
aoraHHOii Tpy6bi. flpn naroToeneHUM nnacTW 
pert H3 npeAoap^TS^^*^^^ TepMoo5pa6oTaMHb»x 
Kpyr/iyx tpy© npn ro4)pnpOBaHvtw reepAOCTb 
MecKOfibKOCHvi>KaeTc« nocpaBMewMKJC Kerep- 
M0o6pa6oTaHHbiMui aaroTosKaMH. ho noc/re 
poaAaMM TBCpAocVb BoapaciaeT hohtm ao toi?i 
xe BenwMMHw, hto w 6e3 TepMOo6pa6oTKv!. flo- 
cne repMUHecKO^* o6pa6oTi<;n ro((>pvipoBaHMwx 
Tpy6 c HiarpeBOM TOKaww bwcokom MacTOiw 
TB8pA0CTb vix cHi4)KaeTCH sHaMMTenbHo. a no- 
cne pa3AaHw ona Mewbiue. mom y Herepwooe- 
pa5oTaHHbix. 

B oTDMuwe oT ncMMoro wnw raaoooro na- 
rpeaa npn o5pa5oTKe aaroroBKn lOKaMw bwco- 
KO^ sacioTw npovtcxoAMT Heana^wTenbHoe 
M3MeMeH¥<e 4>opmw ee npo<}>wrt«. Ha noeepxHo- 
CTWTpy6u 05pa3yeTCfl tohkmi;* cnooi oxanwHW* 
KOTOpwA'He OTcnanBaeTCH b fipouecce p.g^oq- 
M8UVIM - pa3Aa4M. CMa30MHbivi enow hanocwT- 
cp Ha BHyrpeHHioio noaepxMOCTb 
0T0)K>KeHHbiK npoAonbHO'ro<t>pv»poBaHMbix 
tpy6 nocne ux oxnaxAGH ma. Oh npeAOxpan^CT 

BHyTpeMHK3»0 nOBepXMOCTh OT KOpp03H0HHOf o 

pa3pyujeHMj« B npouecce aKcnnyaiauviw vi chvi' 
>KeHMfl occobix ycMfli^M a npouficce pasAaMvi 
nnaCTMpet^. 



n p M M e 0 Ai» peMOHYa o5caAHOvi ko- 

/)OH«b* A^'IMGTPOM 1 46 MM C TO/imi^HOM CTBHliM 

8 MM nnacTbipb MDroraannfiaKDT m3 lOMxocTeH- 
HOM Tpy6bi xiktaMeTpOM 130 mm c TonmwHoi.^ 
5 CTEHKn 3 MM M3 CTaAM MapKi^ 10. AnwHa rpybbi 
9-11.5 M. 

Ha BHyTpeHHK)K3 noaepxHocTb Tpy6w Ha- 
HOC«T cnow rpa<J>nTODOM ^^r\^ Apyrow CMaSKW. 
npCAHaOHascHHOi?! An« chmxchwh ycM/tnw roip- 
10 pwpoBaHMfl. ro<tjpwp08aH«e unnMHApw^^ecxot^ 
rpyOw npon3BOAPT na cneuvianbHOM ycTanOB- 
xe Mepe3 ponnKOfiyio ro/iOBKy c BhyrpeHHeM 
npo<J)wnbHOi;H onpaaxoci. HonyMaeTcn npoAonb- 
HO-ro<J>pMpOBaHHa» Tpy6a c napyxHwM A^ia- 
15 MeipOM il6MMMMncnoMro4)p6Mnwt8. 3aTeM 
np0V13B0AVlTCfl pMXTOBKa ro<t>pvipoBaHH0M Tpy- 
Obi noc/te OTpeBKM ee na aaaanHyio A^»^»»y- 

SaTCM npon3eoA»^TCR TepMtmecxaw o6pa- 
6oTKa npOAO/»bHo-ro<1>pMpOBaHHOM rpy6w - 
20 HopMa/)H3auM« c narpeaoM roxaMw bwcokoCh 
MacTOTbi na yciatiOBxe BMI" 30/6. npvi 3tom 
npOAonbHO-ro<t)pvip08aHHan rpyOa yciaHaB' 
nviBaeTCfl ropvi3oma/ibHO na po/iviKOBbix ono- 
pax c onpeAGiieHHOi?! cxopocrbK) 
2S npoABuraetcfl sepes mhayktop. 

Oxna>KAeHMe Tpy6bi npoM380AWTc« na 
B03Ayxe. CMaaxa. koropan 6bina HaHecena ne- 
pBA ro4>pMpoBaHneM, BwropaeT. 

Tax xax 6 CKoa>KMHe npn ycTaHOBKe nna- 
30 CTbip« d MHiepBane peMOHia npoMseOA^^TCP 
pasAa^a nnactbipn Ao xpyr/iOM <{)0pMbt m npw- 
ixatuR K CTeHxe o6caAHOvi TpyGw. to npw stom 
B03HMKaiOT 60AbUJvie KOHTaKTHbie Harpyaxn 
Me)KAy n/T8CTwpeM m MMcrpyMeHTOM a^^w P^3- 
35 Aann. iXnn CHHxeHW^* 3Tmx narpysoK na eHyr- 
peHHtox) nOBepxHOCTb nnacrwpn naHocMTCfl 

BTOpMHHO CMa30MHbtl?» CAOUl, KOTOpb40 CHyXCWT 

xax AHfl chvi>KeHVifl ycMnn<H, B03HMKa»oiunx npM 
pa3A3^G n-nacTbipA, Tax ti a^s npeAOxpaneHua 
40 STouH nosepxHocTM OT Koppo3MOHHoro paapy- 
lueHirtJi B npouecce axcnnydTauv^M. 

CoMeraHne repMviMecxoii o6pa6oTKVi nna- 
CTWpeCi nocne ro^JjpupoBaHwfl w HaH?*ceHwe 
CMasoHHoro cnofl Ha BnyTpeHMvOiO noee^^x- 
45 Hoctb nocne tepMUMeCKOi^ o6pa6oTKM no3B0- 
nfltOT noBwcuTb nnaCTviMHOCib Mexanna 
nnacTwp oBecneMviTb GnaroAapfl 3T0My na- 
Ae)KH0CTD repMeTM3aui4n peMOHTv^pyeMOvi 

CKBdX<t4Hbl. 

50 

CD opMyna M3o6peTeHn« 



Cnoco6 M3roTOBneHM9 fo<^pMpoe3HHo^o 
cTanbHoro nnacTuiprt, npewMymecTDeHHO ahj* 
55 peMOHia o5ca>KeHHoi^ cxsaxi^Hbi. BKniOMaK)- 
mniJi TepMOoepafjoTKy aaroxoaxn. naHeceHt^e 
cMaaOMHoro cao^ na BHyrpeHH^oK) nOBepxHocrb 
3aroTOBKn M ee ro<l)pv;pOBaHt/ie. o t n w m a o m w 
c a TCM. *rro. c uenbK> noBbiuiCMv^j^ HaAe>KH0CTtA 
repM(rtH3auvii/i o6ca>KeHMOft ckboxuhw nyieM na 
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BbiujcMMM nAacTMHHocTi/i MeTa/ifia nnacTbip«. ocyiMeCTO/imOT noc/»e ro<t>rMpoB3HMO. a seiew 
TepMoo6pft6oTKy roicaMM oucokoA lacTorw noBTopHO HaMocwT cMaaoMr^ui^ c/ioPi. 



HMe MdTcpMa/ia 




Bmji o6d85otkh 




AO ro<^pMpoBaHMsi 


rioc/ie ro4)p«pc>- 1 


T6pM005pa6orKa 
nocne ro4>p»ipo8dr 
HMfi (HopManMaa- 
UHfl) c HarpcDOM 

TDKaMVI BUCO- 
KOW saCTOTbll. 


nooie paaA^Mt^ 


Bea T6pMOo6pd*> 

60TICH 


1570 


1750 




2020 


C TCpMOOfipaSOT- 


t350 


1660 




1966 


Bed TepMoo6pa- 

OOTKM 


1570 


1750 


1350 


1750 



CocTaBMTe/ib M.Poro»<viHa 
PeAaKTOP H.ryHbico TexpeA M.MopreHTa/. Koppecrop t^.MycKa 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technoloQ^ for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is knovm for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made fi"om unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to fiimace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off" during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin- walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel. Tube length is 9-1 1 .5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction fijmace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off. 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wail of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
fi*equency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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